Aims: To determine effects of aromatic hydrocarbons and marine sediments from Niger Delta on the growth of microalga Phaeodactylum tricornutum. Study Design: Fifteen treatments and the control were designed in triplicates in which long cells containing 25 mL of the algae-toxicant dilutions were supplemented with 0.0 mg /L, 1.0 mg /L, 1.8 mg /L, 3.2 mg /L, 5.6 mg /L, and 18.0 mg /L of xylene, anthracene and pyrene each; three sediments and potassium dichromate incubated for 3 days at 20 ± 2°C. The fifteen treatments and control (K 2 Cr 2 O 7 ) designated as C0, C1, C2, C3, C4 and C5 were used to determine their median effective concentration (ErC 50 ) on the growth of microalga Phaeodactylum tricornutum. Place and Duration of Study: Department of Microbiology, Chukwuemeka Odumegwu Ojukwu University, Uli Nigeria between February, 2018 and July, 2018. Methodology: A laboratory scale study was carried on the sediment samples from the three studied areas using physiochemical analysis and marine microalga toxicity test. Results: The findings revealed that the three sampling sites contain higher quantities of aromatic hydrocarbons, heavy metals and other physio-chemical parameters in the sediment samples than water samples. The K 2 Cr 2 O 7 had the highest ErC 50 value of 08.07 ± 0.03 mg /L with CV and r 2
INTRODUCTION
In Nigeria, the Niger Delta region produces more than 80% of the country's crude oil. There is presently an unprecedented increase in the upstream and downstream activities of the oil and allied companies in this area [1] . Over the years, these oil companies have generated myriad of pollutants in the form of gaseous emissions, oil spills, effluents and solid waste [2, 3] that have polluted the marine environment beyond sustainability. Heightened navigational activities in inland and coastal waters of the Niger Delta region is another anthropogenic source of refined petroleum pollution of the aquatic system. An investigation of the polycyclic aromatic hydrocarbons (PAHs) concentrations in some Niger Delta sediments carried out by Ezemonye and Ezemonye [4] revealed elevated values of these priority pollutants in the sediments studied.
Environmental contaminants such as hydrocarbons, heavy metals and pesticides have been known to have direct toxic effects when released into aquatic systems. There is a direct link between surface water and sediment contamination. Accumulated metals or organic pollutants in sediment could be released back into the water with deleterious effects on human health [5] . These pollutants and untreated industrial effluents can pose a major risks to aquatic life. For these reasons, many assays especially chemical and biological, have been developed to meet the demand of screening for toxic substances. Unlike some other tests, Marine Algaltoxkit, biological assays detect active toxins and do not usually require a lengthy process of sample preparation [6] .
As primary producers, planktonic microalgae are a key component of food chains in aquatic ecosystems. Many species serve directly as a food source for zooplanktonic organisms, which are subsequently consumed by other invertebrates, fish or birds. Changes in the structure and productivity of the algal community may induce direct structural changes in the rest of the ecosystem and/or indirectly affect the ecosystem by affecting water quality [7] . It is therefore crucial to assess the toxicity of chemicals especially aromatic hydrocarbons to algae as the pollution is likely to end up in water bodies via industrial or household waste [8] .
A number of studies have found algae more sensitive to chemicals than fish [9, 10, 11] . According to Kahru and Dubourguier [11] algae and crustaceans were also the most sensitive environmentally relevant species for synthetic nanoparticles. This implies that reliable algal toxicity data may help to reduce the number of fish needed for regulatory toxicity testing [12] . The same tendency has been observed by Hutchinson et al. [10] for active pharmaceutical ingredients (APIs); for 73 of the 91 APIs, the algal median effect concentration (EC 50 ) and Daphnid EC 50 values were lower than or equal to the fish LC 50 data. Thus, for approximately 80% of these APIs, algal and Daphnid acute EC 50 data could have been used in the absence of fish LC 50 data to derive PNEC (predicted-no-effect concentration) water values.
The Marine Algaltoxkit makes use of microalgae inoculum that can be stored for several months without losing its viability. Transfer of the algal inoculum in an adequate growth medium reactivates the microalgae leading -within 3 days -to a culture in the exponential growth phase ready for the bioassay. Optical density measurements of the algal suspensions and toxicant volumes at 670 nm wavelength in 10 cm long cells correlate very well with algal numbers and are hence in accordance with the prescription of ISO Guideline 10253 and other standard methods for determination of algal densities. A 72 hrs algal growth inhibition test is performed in long cell test vials, with the marine diatom Phaeodactylum tricornutum. The Marine Algaltoxkit test has been modelled on and follows the prescriptions of the ISO guideline "Water Quality -Marine Algal Growth Inhibition Tests with Skeletonema costatum and Phaeodactylum tricornutum" (Guideline ISO/CD 10253) [6] . Either cell density is monitored directly by cell counting during the test, or other parameters which are related to biomass are recorded. As a result, growth rate-or biomass based EC 50 s, NOECS and LOECS can be calculated [8] .
There is dearth of information regarding environmental hazard evaluation of chemicals and polluted sites using bioassays especially microalga toxicity assay in crude oil -impacted Niger Delta marine ecosystem owing to its increasing ecological and toxicological problems and hence necessitated and justifies this study. This study was undertaken to determine effects of aromatic hydrocarbons and marine sediments from Niger Delta on the growth of microalga Phaeodactylum tricornutum. 
MATERIALS AND METHODS

Description of the Sampling Sites
Sample Collection and Processing
Ten samples were collected randomly at each designated points in the three particular sampling sites (Plates 1, 2 and 3) and mixed together after which a total of six representative sediment and water samples were taken for the analysis. The surface aerobic sediment samples were collected with a 95% ethanol -sanitized plastic spatula at 5 cm depth inside 95% ethanol -sanitized wide mouthed plastic containers after evaporation. The water samples were collected at the airwater interface by hand dipping the 95% ethanol -sanitized cylindrical shaped 2 L plastic containers after evaporation. The containers were rinsed with the sediment and water samples before collecting the samples. All the composite or representative sediment and water samples containers were placed into a sterile polythene bag and then transported to the laboratory for physicochemical and algal toxicity analyses [1, 13, 14] . 
Preparation of Sediment Suspensions and Extracts
The sediment-water suspensions (1:99 w/v) were prepared by shaking the sediments with sterile distilled water for 24 hrs at room temperature (25 ± 2°C). The particle free extracts were obtained using membrane filtration technique by filtering the suspensions through glass fiber filters (d = 0.45 μm) and used for physicochemical and acute toxicity testing. The sediment: water ratio given above (1% sediment suspension) was chosen as a compromise between the expected toxic concentrations and adequate light conditions for the growth of algae [8] . 
Physicochemical
Total metal and metalloid concentration analysis
Total concentration of iron (Fe), cobalt (Co), copper (Cu), lead (Pb), cadmium (Cd), chromium (Cr), zinc (Zn), nickel (Ni), Mercury (Hg) and arsenic (As) were analyzed using atomic absorption spectrophometer with oxidizing airacetylene flame(FS240AA-Agilent, USA) by adopting the standard method of APHA [16] .
General parameters analysis
Following the standard method described by AOAC [15] and APHA [16] , the pH of the samples were determined using a bench pH meter (PHS -3CU, China); the conductivity and temperature were determined using a conductivity-temperature meter (DSS -11A, China). The moisture content of the samples were determined by weighing Petri dish and sample before and after drying in the oven (DHG-9053AA, Life Assurance Scientific, UK) at 105 °C for 3 hrs. The percentage particle sizes were determined after sieving to dry weight. The soil porosity and bulk density were determined after oven-drying of the sediment soil samples at 105°C for 2 hrs and the pore space (% porosity) was calculated using the equation: Porosity = 1 -(particle density/bulk density) where particle density = oven -dry sediment weight/ volume of sediment solids and bulk density = oven -dry sediment weight / volume of sediment solids and pores. The nitrogen content was determined using Kjedahl technique. The phosphorus content was determined using spectrophotometric technique (Astell, UV -Vis Grating, 752 W). The potassium and calcium contents were analyzed using atomic absorption spectrophometer with oxidizing air -acetylene flame (FS240AA-Agilent, USA). The soil saturation was determined by measuring the time taken for the water to drop completely from the soil core. The total organic carbon was determined by titrating blank containing oxidant (potassium chromate) and sulphuric acid against the sample and the titre value was recorded. The soil texture (sediment type) were determined using soil texture triangular method. The total dissolved solids (TDS), Total suspended solids (TSS) and Total solids (TS) were determined using dry weight method on the water samples. The chemical oxygen demand (COD), dissolved oxygen (DO) and biological oxygen demand (BOD) were determined using titrimetric techniques on the water samples. Each of these analyses were carried out in triplicate determinations. Marine ALGALTOXKIT was purchased from MicroBiotests Inc. Belgium and used for toxicity testing study.
Acute
Marine algal toxicity test
The marine toxicity test for microalgae was carried out with Marine Algaltoxkit according to the standard method of EBPI [6] as follows:
Preparation of algal culturing medium (synthetic seawater)
Approximately 1, 500 mL of deionized water was poured into 2 L volumetric flask and the contents of vial number 1 (NaCl) was poured into the flask and shaken until all the salt was dissolved. Similarly, the contents of the vials with concentrated salt solutions labelled number 2 (KCl), number 3 (CaCl 2 ), number 4 (MgCl 2 ), number 5 (MgSO 4 ), number 6 (NaHCO 3 ) and number 7 (H 3 BO 3 ) were uncapped and poured into the 2 L volumetric flask.
Addition of nutrient stock solutions
Thirty millilitres (2 x 15 mL) of stock solution A, 1 mL of stock solution B and 2 mL of stock solution C were added to the 2 L volumetric flask. Five hundred millilitres of deionized water was added up to the 2, 000 mL mark and shaken to homogenize the medium.
Preculturing of the alga
One of the two tubes containing the microalga inoculum was taken, hand shaken vigorously and the content was poured into one of the preculturing cells. The (same) tube was rinsed twice with 7.5 mL algal culturing medium and the content was transferred into the pre -culturing cell to ensure the total transfer of the microalga inoculum. The pre -culturing cell was closed with the lid and incubated for 3 days in an incubator (Kottermann D3165, West Germany) at 20 ± 2°C under a constant uniform illumination supplied by cool white fluorescent lamps.
Preparation of concentrated algal inoculums
The long cell with the label "Calibration long cell" was filled with 25 mL algal culturing medium and closed with the lid. The cell was placed in the spectrophotometer (BA -88A MINDRAY, Germany), and the instrument was zerocalibrated. The pre -culturing cell was taken and shaken to homogenize the algal suspension after the 3 days of incubation. The cell was placed in the spectrophotometer and the optical density (OD1) was read after 10 seconds. The number of alga (N1) corresponding with OD1 was interpolated from the optical density/algal number (OD/N) standard curve. The N1/N2 ratio was calculated in order to determine the dilution factor needed to reach an optical density equal to OD2, corresponding to an algal density of 1.10 6 cells /mL with N2 equal to 1.10 6 algal cells /mL. The algal suspension from the pre -culturing cell was transferred into a 100 mL sterile flask and the volume of algal culturing medium needed to make up a 1.10 6 algal cells /mL suspension was added and the flask shaken thoroughly to distribute the algae evenly. The pre -culturing cell was rinsed and 25 mL of the 1.10 6 algal cells/ml was transferred into this cell, the lid on the cell was placed, shaken gently and the OD was read after 10 seconds. The OD value was finally checked on the OD/N standard curve to know if the OD corresponds with the desired OD2 value (1.10 6 algal cells /mL).
Preparation of the toxicant dilution series
Eight (8) calibrated flasks of 100 mL contents were labelled as 'Stock 1' and 'Stock 2' while the others C0, C1 to C5. Hundred milligrams of potassium dichromate was weighed on an analytical balance and transferred into the 'Stock 1' flask. Algal culturing medium was added to the 100 mL mark and shaken to dissolve the chemical and obtained a 1 g /L (Stock 1) concentration. Ten mL from 'Stock 1' was transferred into 'Stock 2' flask and filled to the 100 mL mark with algal culturing medium. The contents were shaken to homogenize and obtained a 100 mg /L (Stock 2) toxicant concentration. The following volumes of toxicant solution was transferred from 'Stock 2' into the following flasks: -18 mL to flask C1 (18 mg /mL), 5.6 ml to flask C2 (5.6 mg /mL), 3.2 mL to flask C3 (3.2 mg /mL, 1.8 mL to flask C4 (1.8 mg /mL) and 1.0 mL to flask C5 (1.0 mg /mL). The algal culturing medium was added up to the 100 mL mark in the C0, C1, C2, C3, C4 and C5 flasks. Zero point nine mL of the 1.10 6 cells /mL of algal stock in the tube was added to each flasks (except the stock flasks), in order to obtain an initial concentration of 1.10 4 algal cells /mL in each toxicant concentration. The flasks were closed and shaken thoroughly to distribute the algal suspension evenly.
Reference test
A quality control test was carried out with the reference chemical potassium dichromate (K 2 Cr 2 O 7 ) and all the steps in preparation of the toxicant dilution series were repeated in like manner.
Transfer of the algal -toxicant dilutions into the test vials
The holding trays were taken, the rubber bands and the plastic strips were removed, and the long cells in sets of 3 (a, b, c) for each concentration (from CO to C5) were marked. All the cells were opened by lifting up one end of the lids. After thoroughly shaking, 25 mL of the algal -toxicant dilutions from each flasks were transferred into the corresponding 3 long cells. All cells were opened and shaken. The OD value of each long cell was determined in the spectrophotometer (BA -88A MINDRAY, Germany) and expressed as 0 h (T0) OD values. The T0 data were recorded on the results sheet.
Incubation of the test vials
All the long cells were put back into their holding trays and all the lids on the same side were lifted up slightly and the plastic strips were slid over the open part of the long cells, taking care to leave an opening near the middle of the long cells for gas exchange. The long cells were placed in the holding tray in a random way (that is not in the sequence of C0 to C5, and not all three parallels next to each other), in order to compensate for possible small "site to site" differences during incubation. The holding trays were incubated for 3 days in an incubator (Kottermann D3165, West Germany), at 20 ± 2°C under a constant uniform illumination supplied by cool white fluorescent lamps.
Scoring of the results
The inhibition of the algal growth relative to the control was determined by daily measurement of the OD of the algal suspensions in the long cells during the 3 days of the test, i.e. after 24 hrs, 48 hrs and 72 hrs exposure to the toxicant. The long cells were put back in the holding trays in a random way after the daily measurement. The daily results for each long cell were recorded on the results sheets.
Data treatment and expression of results
The mean daily OD values for the 3 replicate long cells of each toxicant dilution were calculated. The algal growth inhibition from these data was calculated by integrating the mean values from t0 to t72 hrs (termed as the "area under the curve") for each concentration tested, including the control. The growth curves for each test concentration and control as a graph of the logarithm of the mean cell density against time was plotted. The average specific growth rate (μ) for each test culture was calculated using the equation:
where: t0 is the time of test start; tL is the time of test termination or the time of the last measurement within the exponential growth period in the control; No is the nominal initial cell density; NL is the measured cell density at time tL. Alternatively, it was also calculated from the slope of the regression line.
The percentage growth inhibition for each test concentrations was calculated using the equation:
where: Iμi is the percentage inhibition (growth rate) for test concentration i; μi is the mean growth rate for test concentration i; μc is the mean growth rate for control c. The effective concentration (E r C x ) was determined by tabulating and plotting the normalized inhibition (Iμi) against the test concentration on the logarithmic scale.
Data Analysis
The data were analyzed using Graph-Pad Prism statistical software version 7.00 (GraphPad software Inc. San Diego, California). All values were expressed as mean ± standard deviation.
Ordinary one-way analysis of variance (ANOVA) followed by post Tukey's, multiple comparison test was performed on the data obtained. Also, a linear model was suitably fitted to the experimental data points by Probit regressional analysis and the median effective concentration (E r C 50 ) was determined by the equations:
Y= Slope X + Intercept Y and Antilog EC 50 .
The results were considered statistically significant if the probability is less than .05 (P = .05).
RESULTS
Physio-chemical Analyses
Total aromatic hydrocarbon (TAH) content analysis
The result of the total aromatic hydrocarbon fractions (ppb) of sediment and water samples of the three sampling locations is presented in Table 1 . From the result, there are more nonsignificant (P> .05) hydrocarbon fractions in sediment than water samples with anthracene (116.40 ± 0.12 ppb) and pyrene (05.90 ± 0.30 ppb) hydrocarbons having the highest fractions in Nembe sediment and Onne water samples, respectively while 1, 2-benzoanthracene as well as benzo (b) fluoranthene and acenaphthylene were not detected in sediment and water samples.
Total metal and metalloid concentration analysis
The result of the total metal and metalloid concentration (ppm) of sediment and water samples of the three sampled locations is presented in Table 2 . From the result, there are more non-significant (P> .05) metal and metalloid concentrations in sediment than water samples with iron metal having the highest fractions in both Abonema sediment (110.24 ± 0.20 ppm) and water (03.27 ± 0.25 ppm) samples, respectively. The order of concentration abundance of these metals and metalloids in sediments from the three locations is in the sequence: Fe > Zn > Cu > Ni > Cr > Hg > Cd > Co > Pb > As while the order of concentration abundance of these metals and water from the three locations is in the sequence: Fe > Zn > Hg > Ni > Cd > Co > Cr > Cu > Pb > As.
General parameters analysis
The result of the general parameters of the sediment and water samples of the three sampled locations are presented in Table 3 and 
Acute Toxicity Testing
Marine algal toxicity assay
The results of the mean values of cell algal density measurements (Cells/ mL X 10 
DISCUSSION
Aquatic ecotoxicology has rapidly matured into a practical discipline since its official beginnings in the 1970's [17] . Integrated biological / chemical ecotoxicological strategies and assessment schemes have been generally favoured since the 1980's to better comprehend the acute and chronic insults that chemical agents can have on biological integrity. However, the experience gained with the bioassay of solid or slime like wastes is as yet inadequate [16] .
In this study, an attempt was made to determine effects of aromatic hydrocarbons and marine sediments from Niger Delta on the growth of microalga Phaeodactylum tricornutum and the result in Table 1 showed that the detectable hydrocarbons values were above the WHO standard for PAHs (50 ng/l) in water. The reason may be due to the hydrophobic and insoluble nature of aromatic hydrocarbons to water molecules making them to adsorb more on the surface of sediments than water samples. Also, this result suggest that Nembe water side is more polluted than other sampled locations probably due higher particle sizes, higher total organic contents and the numerous anthropogenic activities that go on there, as a result of introducing and absorbing more aromatic hydrocabons. The result is similar to the work done by Gorleku et al. [14] , who reported that total mean concentrations of the PAHs in the sea water are generally less than concentrations in sea sediments. Polycyclic aromatic hydrocarbons are non -polar, hydrophobic compounds which do not ionize. They have a relatively low solubility in water, but are highly lipophilic. Dissolved and colloidal organic fractions also enhance the solubility of PAHs which are incorporated into micelles. Due to their hydrophobic nature, PAHs entering the aquatic environment exhibit a high affinity for suspended particulates in the water column. As PAHs tend to adsorb to these particles, they are eventually settled out of the water column onto the bottom sediments. Thus, the PAH concentrations in water are usually quite low relative to the concentrations in the bottom for PAHs in surface water due to contamination from Kokori -oil field in the Niger-Delta. Fluorene was the dominant of the 16 PAHs priority pollutants investigated. The source of water contamination was identified to be mainly petrogenic.
Metal and metalloid pollution in marine systems is determined by measuring its concentration in water, sediment and living organisms [19] .
The result in Table 6 revealed that all metals except iron, cadmium nickel and mercury were lower and within for water samples but higher for sediment samples in comparison to the Federal Ministry of Environment (FME) water standards for aquatic life fresh (FWA) Nigeria, maximum permissible recommended limits (MPL) and agreed with the finding of Olusola and Festus [19] . The studied elements are individually known to be mutagens and carcinogens. In other words, they are toxicants. The higher levels of these metals and metalloid in sediments of the coastal water could be attributed to industrial and agricultural discharges, iron, steel and sewage materials from vessels and residential area and possible spills of petrol petroleum products from fishing boat, speed boat and ships used as means of transportation over the years. Similar observations were made by Obiajunwa et al. [20] , who reported that the enrichment factors for Sr, Zn, Pb, Ba, and Fe were very high for every soil, sediment and The result in Tables 7 and 8 revealed that Onne water and sediments have greater content ions, carry more current and more salty than other sampling locations although there can be natural variability such as temperature, tidal and seasonal flushing. Also, they give surrogate values of levels of salinities and total dissolved solids, (TDS) and the samples were found to be The result also revealed that the differences in the water content, porosity, bulk density, TOC, soil saturation and grain size as they are known to influence the solubility of elements and nutrients in marine sediments, ultimately affecting the distribution of metals and other pollutants that preferentially bind to fine particles [24] , determining as a consequence that the three sampled locations analyzed constitute different environmental niches. Both particle size and total organic content of sediments have been shown to be important factors in sediment PAH distribution, suggesting a particle size effect due to differences in adsorptive surface area [17] . All the sampled locations showed high content of inorganic nutrients and exchangeable bases and the possible reasons for these occurrences may be due to pH and human activities observed along the study area which include agricultural land use and farming operation, anthropogenic activities and industrialization. This report slightly contradicts the findings of Amer et al. [24] who reported that all the stations showed total nitrogen content below 0.2% w/v. Stations R and S showed a high content of total phosphorous with 0.83 and 0.59 ppm respectively. Oyedele et al. [25] reported that low pH (acidic) favours the abundance of exchangeable anions, but reduced cation, while high pH (basic) favours the abundance of exchangeable cations, but reduced anions in soils. Plants growing around the river in which the water has been discharged may experience excessive growth due to these nutrients. River fish could potentially have adverse effects to humans if consumed [26] . Furthermore, all the sampled locations showed high content of chemical oxygen demand (COD), oxygen demand (OD) and biochemical oxygen demand (BOD) but low content of total dissolved solids (TDS), total suspended solids (TSS) and total solids (TS). The COD and BOD were found to be higher than WHO standards except TDS, TSS and TS that were found below the maximum recommended limits. Ogunfowokan et al. [27] , observed significant elevation of water indices such as pH, BOD, nitrate, phosphate and TSS. It is well known that oxygen depletion in water bodies could cause fish death while increase in BOD signifies high load of organic matter. Also, organic matter decomposition in surface water produced inorganic nutrients such as ammonia, nitrate and phosphorus with resultant effects of eutrophication and other serious ecological problems of such water body.
The results in Tables 5 -8 ) is comparable to the minimal cell multiplication factor of 16 during a three day test given in the Guideline (corresponding to a growth rate of 0.038 h -1 ) which corresponds to EBPI [6] guideline on validity criteria of the assay. The reasons for the significant growth in the control could be due to the relatively high start cell density and absence of test substances in the test cultures while cell death could be the reason for the drastic reduction and decline in the test cultures with different concentrations of the test samples. Similarly, the result in Fig. 1 showed that there were drastic inhibitions in all test samples and the reasons for the significant growth in the control could be due to the relatively high start cell density and absence of test substances in the test cultures while cell death could be the reason for the drastic reduction and decline in the test cultures with different concentrations of the test samples. The fact that higher percentage of inhibitions were obtained showed that the test substances increasingly affected the growth at higher concentrations. Moreso, the result in Fig.  2 revealed that positive control (K 2 Cr 2 O 7 ) had the higher non-significant (P >.05) ErC 50 value than the test samples indicating that inhibition effects among test samples were not much different from the control. The levels of toxicity class are drawn in accordance with international regulations and national legislative program as followed: Highly toxic -LC 50 / ErC 50 < 1mg /L; Toxic -1mg /L< LC 50 / ErC 50 ≤ 10 mg /L; Harmful / hazardous for aquatic system-10 mg /L< LC 50 / ErC 50 ≤ 100 mg /L; Very low toxic, non-toxic -LC 50 / ErC 50 > 100 mg /L [28]. Generally, it could be deduced that the aromatic hydrocarbons and sediment samples possess acute aquatic toxicity (1 mg /L< ErC 50 ≤ 10 mg /L) than the individual test samples with very strong significant positive correlation between increasing test concentrations (0 -18 mg /L) and growth inhibitions to the marine microalga (P =.05) which indicates that inhibition is concentration dependent. Our finding was similar to the work published by Oldersma et al. [29] , who reported that the statistical endpoints included in the model calculation, demonstrated a significant effect on the growth rate, and little or no effect on the growth of Selenastrum capricornutum (expressed as the area under the growth curve). The difference between the ErC 50 and the EbC 50 values therefore has no toxicological relevance. The ErC 50 value of 4.4 mg L -1 was considered to provide the best expression of toxicity of pxylene to algae. Aruoja et al. [8] , also found out that the EC 50 values of P. subcapitata 72 hrs growth inhibition were experimentally determined for all 58 compounds. Despite the fact that the analyzed molecules were structurally similar, the EC 50 values spanned two orders of magnitude ranging from 1.43 mg /L (3, 4, 5 -trichloroaniline) to 197 mg /L (phenol). The toxicity of the studied compounds was dependent on the type (chloro -, methyl -, ethyl -), number (mono -, di -, tri -) and position (ortho -, meta -, para -) of the substituents. As a rule, the higher the number of substituents the higher the toxicity. The chlorosubstituted molecules were generally more toxic than alkyl -substituted ones. The findings of this author supports the result of the present study.
CONCLUSION
To our knowledge, this is one of the first systematic studies on effects of marine water on algal growth and first or description of toxic effects of aromatic hydrocarbons towards algae in the Niger Delta, Nigeria. Based on the experimental results in this research, it can be concluded that:
- 
